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2 EFFICIENT EMC & POWER CONVERTER DESIGN

OUR AIM TODAY

 Lets see what we can do to perform a one step EMC lab certification…

… a DC/DC converter can generate Conducted Emission

… the EMC of a DC/DC converter is affected from the PCB layout

… with an oscilloscope you could solve some of EMI  situations

CUSTOMERS | LF | 01.09.2025
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DC/DC CONVERTER DESIGN CHALLENGE

Requested:
- 100W buck-boost DC/DC 
- 95% efficiency minimum
- EMC complaint for conducted and radiated
- Must fit in the already defined box
- Decision for the costs 

- lowest possible
- Compromise for price and performance
- No budget limit

CUSTOMERS | LF | 01.09.2025
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SELECTED DC/DC IC FOR NEXT EXAMPLES
• 60V Buck-Boost Controller mit 4 external MOSFETs possible switching freq. 200-700kHz 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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SOLUTION FOR LOWEST COST DESIGN (A) 

• Single side PCB
• 4 Layer PCB
• Highest possible switching freq  600kHz   smalest inductor can be used
 Lowest cost in comparation with the next ones

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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SELECTED MOSFETS FOR DESIGN (A) 

• Logic Level N-Kanal FET im DPAK TO-252-3 package
• Rth not optimal
• Package ESL relativ high
• Package not compact

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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REDEXPERT: INDUCTOR SELECTION FOR DESIGN(A) 

Boost Mode:

• AC loss = 0,1W
• DC loss = 0,23W
• Pv all = 0,33W
• ΔT = 16 K
• Ipeak = 7,2A

• Boost Mode 
• Selected inductor

smaler (because of
DutyCycle) quite
high peak current! 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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Buck Mode:
• AC loss = 0,19W
• DC loss = 0,14W
• Pv all = 0,33W
• ΔT = 16 K
• Ipeak = 5,75A

• Buck Mode  
Selected 
inductor bigger 
for smaller peak 
current! 

REDEXPERT: Inductor selection for Design(A) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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• Fsw 600kHz  30% max. Ripple current  Inductor 4,7µH

• Selected by REDEXPERT
• Type of inductor : WE-XHMI
 Flat wire and shielded
 Size 1090 (10x10x9mm)
 Nominal current : 13,5A
 Saturation current :  27A
 Rdc : 5,4mΩ

REDEXPERT: INDUCTOR SELECTION FOR DESIGN(A) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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• Calculation for Cin MLCC X7R for maximum allowed ripple current

 Selected : 4 x 4,7µF / 50V / X7R  =   18,8µF – 20% DC-Bias  =  15µF

Cin ≥
𝐷𝐷 × 1 − 𝐷𝐷 × 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

∆𝑉𝑉𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝 × 𝑓𝑓𝑠𝑠𝑠𝑠
Cin ≥

0,78 × 1 − 0,78 × 5𝐴𝐴
100𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 × 600𝑘𝑘𝑘𝑘𝑘𝑘

= 14µ𝐹𝐹

REDEXPERT: INPUT CAP SELECTION FOR DESIGN(A) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
D = (Vout / Vin x n) = buck mode
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LTSPICE SIMULATION
• Simulation for BuckBoost; all coponents including the parasitics
• Some PCB layout parasitics included

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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• Simulation vs. measurement 

FILTER LTSPICE SIMULATION

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Messung würde mit RTO am Eingangskondensator der Platine A durchgeführt



13

CONCLUSION FOR FILTER DESIGN

 Measurement for damping / Precompliant (ex. FFT & LISN mit 50Ω)

 Filter need to be at 600kHz ca. : 90dBµV – 40dBµV = 50dB

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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MEASUREMENT SET-UP NNB21 LISN + RTO (50Ω)
 Precompliant Measurement from 150kHz to 400MHz (in case you have a Spectrum analyzer you should use it

instead of Scope) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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T-FILTER FOR DESIGN (A)

• Due to the long input wires a filter is a must
• Filter for conducted emmisions:   150kHz – 30MHz
• T – Filter can achive in theorie up to 60dB/Dec damping
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EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Elkos unterdrücken unerwünschte Oszillationen durch den rel. Hohen ESR
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• All components with parasitics included
• MPSB Ferrite are suitable above ca. 5MHz

LTSPICE SIMULATION FOR T-FILTER DESIGN (A) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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LTSPICE SIMULATION FOR T-FILTER DESIGN (A) 
• Damping for T-Filter above 40dB Differntial Mode from 150KHz up to 80MHz

LC Filter

T-Filter Input

T-Filter Output

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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CMC FILTER FOR ALL DESIGNS
• Selected Common Mode Choke with huge bandwith for 30MHz to 500MHz
• Important to know: CMC´s are helping for imunity like BURST & HF

Input:

WE-UCF
2x56uH
Ir = 7A
Rdc:4,7m

Output:

WE-UCF
2x120uH
Ir = 5,5A
Rdc:10m

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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SCHEMATIC DESIGN (A)

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Optional Schottky Diode (D3, D4) Selection 
The Schottky diodes D3 and D4 shown in the Typical Applications section conduct during the dead time between the conduction of the power MOSFET switches. They are intended to prevent the body diode of synchronous switches M2 and M4 from turning on and storing charge during the dead time. In particular, D4 significantly reduces reverse-recovery current between switch M4 turn-off and switch M3 turn-on, which improves converter efficiency and reduces switch M3 voltage stress. In order for the diode to be effective, the inductance between it and the synchronous switch must be as small as possible, mandating that these components be placed adjacently. 
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DESIGN (B)  

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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DESIGN (B) 

• Up and down layer using components
• 6 Layer PCB
• Moderate switching freq  400kHz  compromise between switching losses and inductor losses
• Optimized Filter at I/O  less RDC losses
 Medium cost

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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MOSFETS FOR DESIGN (B) 
• Logic Level N-Kanal FET in SON 5x6 package
• Rth much better
• Package ESL small
• Rdson small
• Gate Charge small

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Vorteil zu DPACK: Kleinere Bauform, kleinerer Rdc, kleinerer Rth, gerigeres ESL
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REDEXPERT: INDUCTOR SELECTION FOR DESIGN (B) 

Boost Mode:

• AC loss = 0,09W
• DC loss = 0,17W
• Pv all = 0,26W
• ΔT = 14K
• Ipeak = 7,2A

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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Buck Mode:

• AC loss = 0,17W

• DC loss = 0,1W

• Pv all = 0,27W

• ΔT = 14,7 K

• Ipeak = 5,75A

REDEXPERT: INDUCTOR SELECTION FOR DESIGN (B) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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• Fsw 400kHz  30% max. ripple current  Inductor ca. 6,8µH
• Selection with REDEXPERT
• Type of inductor: WE-XHMI
 Flat wire and shielded
 Size 1510 (15x15x10mm)
 Nominal current : 15A
 Saturation curent :  46A
 Rdc : 4,1mΩ

INDUCTOR SELECTION FOR DESIGN (B) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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INPUT CAPACITOR CALCULATION FOR DESIGN (B) 
• Cin used MLCC X7R for max allowed ripple voltage

 Selected : 6 x 4,7µF / 50V / X7R  =   28,2µF – 20% DC-Bias  =  23µF

Cin ≥
𝐷𝐷 × 1 − 𝐷𝐷 × 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

∆𝑉𝑉𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝 × 𝑓𝑓𝑠𝑠𝑠𝑠
Cin ≥

0,78 × 1 − 0,78 × 5,5𝐴𝐴
100𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 × 400𝑘𝑘𝑘𝑘𝑘𝑘

= 21µ𝐹𝐹

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
D = (Vout / Vin x n) = buck mode
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FILTER OPTIMIZATION FOR DIFF MODE FOR DESIGN (B) 

• Filter for Conducted und Radiated Emission Test Spectrum

• 3 filter stage‘s

• At the CMC will only the leackage inductor for diff mode considered

100kHz to
5MHz

100kHz to
5MHz

5MHz to
30MHz

5MHz to
30MHz

30MHz to
300MHz

30MHz to
300MHz

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Hier wird nur Differential Mode Filterung betrachtet
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• All components with they parasitics considered for the simulation
• Losses at the Output Filter :    I²*Rdc =   5,5A² * 30mΩ =  907mW
• Losses at the Input Filter:        I²*Rdc =   7A² * 18,4mΩ =  902mW

DIFFERENTIAL MODE FILTER FOR DESIGN (B) 

WE-UCF

WE-UCF

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Um den Wirkungsgrad zu erhöhen wurde die 4,7uH gegen eine 1uH getauscht ebenso wird nur noch ein MPSB Typ mit 3,5mOhm an den I/Os verwendet. 

Bei der Stroko muss man den Rdc immer x2 rechnen
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FILTER FOR DESIGN (B) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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SCHEMATIC FOR DESIGN (B) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
-400kHz Schaltfrequenz
-Mehr Cin / Cout MLCCs
-Pi Filter am IC Vin Pin
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DESIGN (C)

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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DESIGN (C) 
• Top and bottom side using components
• 6 Layer PCB
• Lowest switching freg 230kHz   to achive lowest losses and highest efficiency 

big inductor value / big cap values / no Gate resistors
• Different filters like design B used
 Most expensive / biggest size on PCB 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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MOSFETS FOR DESIGN (C) 
• Logic Level N-Kanal FET im SON 5x6 same like used in Design (B)

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Vorteil zu DPACK: Kleinere Bauform, kleinerer Rdc, kleinerer Rth, gerigeres ESL
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Boost Mode:

• AC loss = 0,04W
• DC loss = 0,06W
• Pv all = 0,1W
• ΔT = 5K
• Ipeak = 7,15A

REDEXPERT: INDUCTOR SELECTION FOR DESIGN (C) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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Buck Mode:

• AC loss = 0,06W
• DC loss = 0,03W
• Pv all = 0,09W
• ΔT = 4,8 K
• Ipeak = 5,98A

REDEXPERT: INDUCTOR SELECTION FOR DESIGN (C) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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• Fsw at 230kHz  30% max. ripple current  Inductor value ca. 10µH

• Selected with REDEXPERT
• Selected Type of inductor: WE-HCF 
 Flat wire and shielded
 Size 2815 (28x27x15mm)
 Nominal current : 36A
 Saturation current :  21,5A
 Rdc : 1,33mΩ

INDUCTOR SELECTION FOR DESIGN (C) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Für die 2815 wären folgende Werte:
Servus Andi,
Die Messungen brachten folgende Ergebnisse für Duty Cycle 0.75, 24 Vin, 5A Iout, 10µH, 74436411000
 
PDC 2,9443 mW
PAC 62,945 mW
PTotal 64,945 mW
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INPUT CAPACITOR SELECTION FOR DESIGN(C) 

• Calculation for Cin using MLCC X7R for max allowed ripple current

 Selected : 7 x 4,7µF / 50V / X7R  =   33µF – 20% DC-Bias  =  26,3µF   

 Additional: Parallel to the MLCCs 1x 220µF/35V Al-Polymer WCAP-PSLC

Cin ≥
𝐷𝐷 × 1 − 𝐷𝐷  × 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

∆𝑉𝑉𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝 × 𝑓𝑓𝑠𝑠𝑠𝑠
Cin ≥

0,78 × 1 − 0,78  × 5𝐴𝐴
20𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 × 230𝑘𝑘𝑘𝑘𝑘𝑘

= 186µ𝐹𝐹

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Hier soll der Spannungsrippel mit Hilfe von mehr Ein-&Ausgangskapazität noch weiter verkleinert werdenGezeigt werden soll, dass deutlich mehr Kapazität trotzdem nicht hilft, die Conducted Emission Prüfung ohne weiteren Filter zu bestehen

D = (Vout / Vin x n) = buck mode
Hier werden die Vorgaben an den maximal Erlaubten Eingangsspannungsrippel verschärft in der Hoffnung, dass dadurch auch die Conducted Emission Prüfung mit kleineren Eingangsfiltern geschafft werden kann.
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• Filter for Conducted und Radiated Emission Test Spectrum

• Target: increase the efficiency compared with design (B)

 Skip the 1µH Inductor from design (B)  big influence up to 5MHz

 Filter Caps from 100µF reduced to 47uF, in rest same components used

FILTER FOR DESIGN (C)  

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Filter wird nicht ausreichen für Conducted Emission, dafür billiger und höherer Wirkungsgrad
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SCHEMATIC FOR DESIGN (C)  

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Eingezeichnet sind die wesentlichen Änderungen im Vergleich zu Design B
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EMC MEASUREMENTS CONDUCTED & RADIATED

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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• Conducted Emission 150kHz – 30MHz
• Design (A) without Filter  / Buck Mode 100W

150kHz 30MHz
Frequency Sub-range 4

-10 

100 
dBµV

0 

CISPR 32/CISPR 32 B - QPeak/

CISPR 32/CISPR 32 B - Average/

600kHz

MEASURED WITH ENV216 LISN & ESRP

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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MEASURED WITH ENV216 LISN & ESRP

150kHz 30MHz
Frequency Sub-range 4

-10 

100 
dBµV

0 

CISPR 32/CISPR 32 B - QPeak/

CISPR 32/CISPR 32 B - Average/

• Conducted Emission 150kHz – 30MHz
• Design (A) with Filter  / Buck Mode 100W

600kHz

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Trotz relativ großer Filterspule ist die Dämpfung nicht ausreichend 
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• Radiated Emission 30MHz – 450MHz
• Design (A) without Filter  / Buck Mode 100W

30MHz 450MHz
Frequency

-10 

50 
dBµV/m

0 

      

CISPR 32/CISPR32 - FAR B - QPeak/3.0m/

      

MEASUREMENT IN EMC CHAMBER

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Ohne Filter jedoch sind von 30MHz bis 80MHz Überschreitungen vom Grenzwert zu beobachten. Das liegt am Layout, welches nicht niederinduktiv genug ist.
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MEASUREMENT IN EMC CHAMBER
• Radiated Emission 30MHz – 450MHz
• Design (A) with Filter / Buck Mode 100W

30MHz 450MHz
Frequency

-10 

50 
dBµV/m

0 

      

CISPR 32/CISPR32 - FAR B - QPeak/3.0m/

      

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Mit den Filtern hält auch das Design A die Grenzwerte Klasse B locker ein
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• Conducted Emission 150kHz – 30MHz
• Design (B) without Filter  / Buck Mode 100W

150kHz 30MHz
Frequency Sub-range 4

-10 

100 
dBµV

0 

CISPR 32/CISPR 32 B - QPeak/

CISPR 32/CISPR 32 B - Average/

400kHz

MEASURED WITH ENV216 LISN & ESRP

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
B schafft es ebenfallst nicht ohne Filter für Klasse B. 
Die Emissionen sind über 10MHz aber trotzdem kleiner als bei Design A ohne Filter!
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• Conducted Emission 150kHz – 30MHz
• Design (B) with Filter  / Buck Mode 100W

150kHz 30MHz
Frequency Sub-range 4

-10 

100 
dBµV

0 

CISPR 32/CISPR 32 B - QPeak/

CISPR 32/CISPR 32 B - Average/

400kHz

MEASURED WITH ENV216 LISN & ESRP

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Design B hält mit den Filtern Klasse B ein
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• Radiated Emission 30MHz – 450MHz
• Design (B) without Filter / Buck Mode 100W

30MHz 450MHz
Frequency

-10 

50 
dBµV/m

0 

      

CISPR 32/CISPR32 - FAR B - QPeak/3.0m/

      

130/180/380MHz  Reason at Schottky D 

MEASUREMENT IN EMC CHAMBER

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Ohne Filter wird es bei 180MHz knapp (Ursache ist die Schottky Diode)
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30MHz 450MHz
Frequency

-10 

50 
dBµV/m

0 

      

CISPR 32/CISPR32 - FAR B - QPeak/3.0m/

      

• Radiated Emission 30MHz – 450MHz
• Design (B) with Filter / Buck Mode 100W

MEASUREMENT IN EMC CHAMBER

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Fast durchgängig über 20dB Abstand zum Grenzwert
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MEASUREMENT AT THE SCHOTTKY
• Measured with R&S RTO at the Schottky D (Buck Leg)

180MHz 380MHz130MHz

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Hier nochmal der Vergleich, gemessen mit dem RTO und normalem Tastkopf
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150kHz 30MHz
Frequency Sub-range 4

-10 

100 
dBµV

0 

CISPR 32/CISPR 32 B - QPeak/

CISPR 32/CISPR 32 B - Average/

• Conducted Emission 150kHz – 30MHz
• Design (C) without Filter  / Buck Mode 100W

MEASURED WITH ENV216 LISN & ESRP

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Bei der niedrigen Schaltfrequenz braucht es sehr große Filterspulen und Filtercaps um die Grundwelle zu filtern.
Hier sieht man, dass der verkleinerte LC Filter nur ab der 1.Harmonischen wirksam zu dämpfen beginnt.
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150kHz 30MHz
Frequency Sub-range 4

-10 

100 
dBµV

0 

CISPR 32/CISPR 32 B - QPeak/

CISPR 32/CISPR 32 B - Average/

• Conducted Emission 150kHz – 30MHz
• Design (C) with Filter  / Buck Mode 100W

230kHz

MEASURED WITH ENV216 LISN & ESRP

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Bis auf die Grundwelle und erste Harmonische ist das Spektrum relativ harmlos . 
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• Radiated Emission 30MHz – 450MHz
• Design (C) without Filter / Buck Mode 100W

30MHz 450MHz
Frequency

-10 

50 
dBµV/m

0 

      

CISPR 32/CISPR32 - FAR B - QPeak/3.0m/

      

180MHz  reason at Schottky D

MEASUREMENT IN EMC CHAMBER

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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30MHz 450MHz
Frequency

-10 

50 
dBµV/m

0 

      

CISPR 32/CISPR32 - FAR B - QPeak/3.0m/

      

• Radiated Emission 30MHz – 450MHz
• Design (C) with Filter / Buck Mode 100W

MEASUREMENT IN EMC CHAMBER

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025



54

MEASURING DIRECT AT THE COMPONENTS

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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GATE SOURCE VOLTAGE FROM HIGH SIDE FET

• Vgs Design (A) • Vgs Design (B)

Reason: The improved layout and the smaller package of the MOSFET

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Durch das schlechtere Layout und schlechtere Bootstrap Positionierung kann man trotz 1 Ohm Gatewiderstand eine unsaubere Anstiegsflanke bei Design A erkennen
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MEASURED WITH H-FIELD PROBE DESIGN (B) 30MHZ-500MHZ

• Measured at the storage inductor • Measured at the High Side MOSFET

 The reason for radiation is not the inductor for sure!
EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

Presenter-Notizen
Präsentationsnotizen
Hier lässt sich schön erkennen, dass die Ursache für die hochfrequente Abstrahlung NICHT an der Speicherdrossel zu suchen ist.
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MEASURED WITH H-FIEL PROBE AT THE BOOSTRAP DIODE 30MHZ-500MHZ

• Boostrap Design (A) • Bootstrap Design (B)

 The improved layout and using an other diode improve of lot

EFFICIENT EMC & POWER CONVERTER DESIGN
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ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WÜRTH ELEKTRONIK APPNOTE ANP025) 

• Advantage: only the rise time afected More efficient as using a resistor at Gate

Ferrite

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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• Measurement made by an LTC3703 Demo Board using different Boostrap resistors / Chip Bead Ferrite (CBF)

Ferrite: 0,8Ω RDC
Z= 2200Ω at 150MHz 

ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WÜRTH ELEKTRONIK APPNOTE ANP025) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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Ferrite: 0,8Ω Rdc
Z = 2200Ω at 150MHz 

• EMC measurement made by an LTC3703 Demo Board using differnt Boostrap resistors & Chip Bead Ferrite (CBF)

ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WÜRTH ELEKTRONIK APPNOTE ANP025) 

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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FILTER DESIGN

EFFICIENT EMC & POWER CONVERTER DESIGN
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Simple L-Filter
 Input filter reduce current ripple on input line
 Input filter reduce differential mode noise on input line
 Input filter reduce radiated emission via input traces

Attention!!! This filter is not efficient to reduce common mode noise on input lines

Cin

DC

DC

Vout
Vsup

Lin

Vin

„L“ Input filter
(minimal recommend filter)

EFFICIENT EMC & POWER CONVERTER DESIGN
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63WIDEBAND INPUT FILTER
(RECOMMENDED FILTER SOLUTION)

 T-filter recommend for wideband filtering
 Lin for low frequency filtering (DC/DC converter switching frequency)
 Ferrite for high frequency filtering 
 Cfilter shorting AC noise to GND (220pF < Cfilter < 1nF, low ESR)

Attention!!! This filter is not efficient to reduce common mode noise on input lines

Cin

DC

DC

Vout
Vsup

Lin

Vin

Cfilter

FerriteT - filter
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64„L / C“ OUTPUT FILTER
(MINIMAL RECOMMENDED FILTER)

 Simple L/C Filter
 Output filter reduce voltage ripple on output traces (Conducted Emission)
 Output filter reduce radiated emission via output traces (Radiated Emission)
 No optimal solution for radio power devices

Attention!!! This filter is not efficient to reduce common mode noise on output lines

DC

DC

Vout

Cfilter

Vout

Lfilter
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65„T“ - OUTPUT FILTER
(RECOMMENDED FILTER SOLUTION)

DC

DC

Vout

Cfilter

Vout

Lfilter Ferrite

T-filter recommend for wide bandwidth filtering
 Lfilter for low frequency filtering (DC/DC converter switching frequency)
 Ferrite for high frequency filtering
 This kind of output filter is for powering radio devices high recommended

Attention!!! This filter is not efficient to reduce common mode noise on output line

EFFICIENT EMC & POWER CONVERTER DESIGN
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DECOUPLING COMMON MODE NOISE

 For common mode rejection use common mode chokes
 For supplying over long distance common mode chokes are recommended
 Additional capacitor reduce differential mode noise
 Small value for ceramic capacitor is recommended
 Capacitor and common mode choke act as a LC - filter for differential mode noise

 Can be used for input and output lines

Cin

DC

DC

Vout
Vsup

Lcom

Vin

Cfilter

Icom

Icom

Idiff
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SHIELD VS. UNSHIELD
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MAGNETIC FIELD LEAKAGE
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RADIATION BY INDUCTOR

WE - PD2 unshielded
10µH, 2MHz Clock, 1A

WE – PD shielded

10µH, 2MHz Clock, 1A

19dBm difference

EFFICIENT EMC & POWER CONVERTER DESIGN
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unshielded shielded

Magnetic leakage  shielded vs. unshielded

EFFICIENT EMC & POWER CONVERTER DESIGN
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TRILOGY OF MAGNETICS

• 1. LTspice Book
How to use and build spice models

• 2. Trilogy of Magnetics
    Design Guide for EMI Filter Design, SMPS & RF Circuits

• 3. Trilogy of Connectors
     Basic Principles and Connector Design Explanations

• 4. ABC of Power Modules 
 Functionality, Structure and Handling of a Power Module

• 5. ABC of Capacitors
  Basic principles, characteristics and capacitor types

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025
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TECHNICAL SUPPORT NEEDED?
use: #askLorandt

Twitter.com/askLorandt

we-online.com/youtube

linkedin.com/in/lorandtfoelkel

We-online.com/askLorandt

EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025

http://www.twitter.com/askLorandt
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https://www.youtube.com/watch?v=XNt0CicKgSU&list=PLZJdRX1BvL0xaO2MeViGfcVxIG2Dkl1a2
https://www.youtube.com/watch?v=XNt0CicKgSU&list=PLZJdRX1BvL0xaO2MeViGfcVxIG2Dkl1a2
https://www.youtube.com/watch?v=XNt0CicKgSU&list=PLZJdRX1BvL0xaO2MeViGfcVxIG2Dkl1a2
http://www.linkedin.com/in/lorandtfoelkel
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http://www.we-online.com/askLorandt
http://www.we-online.com/askLorandt

	How to select the right ferrite bead for filtering DC/DC converter
	Our aim today
	DC/DC Converter design challenge
	Selected DC/DC IC for next examples 
	Solution for lowest cost Design (A) 
	Selected MOSFETs for Design (A) 
	REDEXPERT: Inductor selection for Design(A) 
	Foliennummer 8
	REDEXPERT: Inductor selection for Design(A) 
	REDEXPERT: Input Cap selection for Design(A) 
	LTspice Simulation
	Filter LTspice Simulation
	Conclusion for filter design
	Measurement set-up NNB21 LISN + RTO (50Ω)
	T-Filter for Design (A)
	LTSpice Simulation for T-Filter Design (A) 
	LTSpice Simulation for T-Filter Design (A) 
	CMC Filter for all Designs
	Schematic Design (A)
	Design (B)  
	Design (B) 
	MOSFETs for Design (B) 
	REDEXPERT: Inductor selection for Design (B) 
	REDEXPERT: Inductor selection for Design (B) 
	Inductor selection for Design (B) 
	 Input capacitor calculation for Design (B) 
	 Filter optimization for diff mode for Design (B) 
	 Differential Mode Filter for Design (B) 
	 Filter for Design (B) 
	 Schematic for Design (B) 
	Design (C)
	Design (C) 
	MOSFETs for Design (C) 
	REDEXPERT: Inductor selection for Design (C) 
	REDEXPERT: Inductor selection for Design (C) 
	Inductor selection for Design (C) 
	 Input capacitor selection for Design(C) 
	 Filter for Design (C)  
	 Schematic for Design (C)  
	EMC measurements Conducted & Radiated 
	Measured with ENV216 LISN & ESRP
	Measured with ENV216 LISN & ESRP
	Measurement in EMC chamber
	Measurement in EMC chamber
	Measured with ENV216 LISN & ESRP
	Measured with ENV216 LISN & ESRP
	Measurement in EMC chamber
	Measurement in EMC chamber
	Measurement at the Schottky
	Measured with ENV216 LISN & ESRP
	Measured with ENV216 LISN & ESRP
	Measurement in EMC chamber
	Measurement in EMC chamber
	Measuring direct at the components
	Gate Source Voltage from High Side FET
	Measured with H-Field probe Design (B) 30MHz-500MHz
	Measured with H-Fiel probe at the Boostrap Diode 30MHz-500MHz
	Alternative: Ferrit in Boostrap added �(Würth Elektronik Appnote ANP025) 
	Alternative: Ferrit in Boostrap added�(Würth Elektronik Appnote ANP025) 
	Alternative: Ferrit in Boostrap added�(Würth Elektronik Appnote ANP025) 
	Foliennummer 61
	Foliennummer 62
	Wideband input filter� (recommended filter solution)
	„L / C“ output filter�(minimal recommended filter)
	„T“ - output filter�(recommended filter solution)
	Decoupling common mode noise
	Foliennummer 67
	Magnetic field leakage
	Radiation by inductor
	Foliennummer 70
	Trilogy of Magnetics
	Technical support needed?�use: #askLorandt

